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SxpRrimental  work  on  the  IJeetor  Jet  project  hae  been  nnderwa7 
since  September  1552.  The  project  hae  been  rla/^ed  with  numerone 
difficulties  since  the  Inception  of  the  experimental  vrof^fm,  None 
of  these  difficulties  hae  In  an/  wa/  Indicated  that  the  basic  prln^ 
clples  of  the  ejector  Jet  are  fallacious. 

I 

The  main  difficulties  encountered  with  the  test  proi^ram  hare 
been  due  to  the  following;  three  factors  which  of  neceeelt/  are  en- 
countered In  the  construction  of  an  efficient  ejector  Jet,  namely: 
high  temperature  (1200  or  1300®f)  . high  pressure  (1000  to  ?000  pel), 
and  the  use  of  a non-lubricating  fuel  (methanol). 

To  better  Indicate  the  sources  of  difficulty,  the  starting  and 
operating  procedure  will  be  presented.  In  the  schematic  diagram 
(rig.  1).  with  ram  air  provided  the  fuel  pump(^)  Is  started  and  flow 
at  this  point  Is  entirely  through  the  fuel  bypass.  The  spark  plug^^^ 
Is  energized  and  the  starting  fuel  valre^^^  Is  opened.  The  ejector 
Jet  Is  then  operating  as  a ran  Jet  and  the  regenerative  heating  colls 
vaporltlng^^^  and  superheat Ing^^^  are  absorbing  heat  and  raising  the 
temperature  of  the  alcohol.  When  the  temperature  Is  sufficiently 
high  (800-1200^),  fuel  Is  allowed  to  pass  to  the  primary  noizle^^^ 
by  opening  of  a main  fuel  valve^'^^  or  by  opening  a self-sealing 
nozzle^^^  The  Jet-pump  action  of  the  vaporized  alcohol  then  Induces 
air  and  compresses  the  air-fuel  mixture,  and  this  mixture  Is  burned 
In  the  combustion  chamber.  The  starting  air  may  now  be  shut  off  and 
the  ejector  Jet  then  operates  as  a ram  Jet  without  ram. 

linough  heat  transfer  area  met  be  supplied  In  the  vaporiser  coils 
that  heat  can  be  absorbed  through  the  walls  In  sufficient  quantity  to 
obtain  design  temperature  (1300®r)  In  the  fuel  for  the  condition  of 
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maxlntoi  fuel  flow.  This  of  oourso  result e In  too  ^eat  a heat 
aboorMlon  at  lower  ftiel  flows.  To  control  this  f^el  hektln/;,  a 
de superheat Ini;  system  was  incorporated.  Since  the  suijer  portion  of 
the  heat  absorbed  by  the  fuel  is  In  the  ?0  ft.  of  superheater  coils 
rather  than  the  60  ft.  of  vaporiser  coils,  control  can  be  obtaliled 
by  injecting  cold  alcohol  into  the  vapor  as  it  eaters  the  superheater 
coils. 

Operation  of  the  bypass  temperature  eonbrol  is  situated  by  a 

themoeot^le  placed  in  a tube  immersed  in  the  superheated  alcohol  at 

(6) 

point  where  the  surerheater  tube  leaves  the  combustion  sons.  The 
thermocouple  outTUt  passes  to  a modified  Bristol  T1  ap>Aetuator  eon» 
troller.  Here  the  signal  is  amplified  and  converted  into  an  open  or 
close  signal  to  the  motor  operating  the  bypass  valve.  There  is  a 
"rate  of  change"  circuit  in  the  controller  which  causes  it  to  anti- 
cipate approsush  to  the  controlled  temperature  and  causes  open  or 
close  pulses  to  be  sent  to  the  valve  motor. 

Some  of  the  difficulties  which  have  been  encoun*^ered  and  the 
■elutions  obtained  will  be  discussed  below; 

Pump 

As  has  been  reported  previously,  a small  rotary  pump  to  handle 
low  viscosity  fluids  at  pressures  up  to  3000  psl  is  not  readily  avail- 
able. The  Superdraullc  Corporation  of  Detroit,  Michigan  has  cooperated 
in  the  adapting  of  their  rotary  piston  pump  for  pumping  alcohol.  The 
■tamdami  version  of  this  pump  ie  designed  for  operation  with  hydraulic 
fluid.  Lubrication  of  the  sliding  surface  between  the  fixed  pintle 
(which  incorporates  the  fluid  flew  passages  and  the  valve  ports)  and 
the  rotating  drum,  which  has  bored  cylinders  in  it  for  the  pistons. 
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it  normally  aeoompllthed  1>7  the  rleeotlty  of  the  hydranllo  fluid. 

When  methyl  alcohol  wae  used  ae  the  fluid,  tletln^  of  the  eliding  enr- 
facet  oceured  after  about  5 eecondt.  ^ 

A bronze  Ineert  in  the  cylinder  drum  at  a bearing  Insert  fittro 
only  ellghtly  batter  rerf ormanct . 

A carbon  Insert  operated  rery  well  below  2000  pel,  but  at  higher 
pressures  the  insert  failed  due  to  low  mechanical  strength. 

A modification  which  used  sllwer  ulating  on  one  sliding  surface 
and  tin  plating  on  the  other  g-are  better  performance.  HoweTer,  after 
a few  hoTire  of  xninning,  the  clearance  increased  to  a point  that  the 
lealcage  of  alcohol  into  the  separate  lubrication  system  became  ezcess- 
iwe. 

A new  plating  material  has  now  been  incoruorated , and  the  leakage 
of  adcohol  into  the  lubrication  system  has  been  reduced  but  not  elimi- 
nated. 

Thin  rump  is  not  considered  to  be  the  final  answer,  but  valuable 
data  concerning  operation  with  methyl  alcohol  hare  been  obtained. 

This  pump  has  an  ezeessiTs  weight  for  airborne  operation  because  of 
its  low  rotational  speed.  It  is  felt  that  a rotary  screw  pump  operat- 
ing at  turbine  speeds  would  be  more  suitable  for  airborne  operation. 

Jhel 

rron  the  performance  calculations  shown  in  Report  9*^  "Perfor- 
mance of  the  Ejector  Jet",  it  was  determined  that  a greater  specific 
thrust  could  be  obtained  by  using  gasoline  or  kerosene  as  the  fuel 
rather  than  methanol. 

However,  when  gasoline  and  kerosene  were  used  in  the  ezperimental 
installation,  cracking  of  the  hydrocarbons  to  coke  and  tar  oooursd. 
and  the  vaporising  tubes  were  rapidly  clogged. 
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When  mcthnnol  le  need,  some  eraohing  oemirs.  bat.  so  far.  only 
minor  difficulties  hare  been  encountered.  The  reaction  seems  to  he 
OH3OH  ♦ Heat  — ^ C HjO  + Hj. 

The  free  carbon  which  Is  formed  Is  small  In  amount  and  generally 
passes  on  through  with  the  wapor.  Howerer  dlsturbaaoes  In  the  flow 
due  to  constrictions  may  cause  bxl  aeeumalatlon  of  carbon.  This  carbon 
does  not  adhere  to  the  tubes  as  did  the  eohe  and  tar  obtained  from 
operation  on  gasoline  and  kerosene. 


The  control led-free>exT)ansl on  nossle  (Tig.  2)  had  two  faults  due 
to  Inaccurate  machining.  The  first  was  that  the  nozzle  would  not  seal 
off  the  flow  completely  due  to  a slight  mlsallgnement  of  the  central 
body  and  the  nozsle  throat.  This  resulted  In  the  Installation  of  a 
fuel  shut-off  ralre  at  (7)  in  Tig.  1.  Second),  since  the  design  throat 
area  of  0.128  s<i.la.  was  to  be  distributed  around  a four-inch  circum- 
ference. the  throat  opening  (without  correction  for  boundary  layer) 
was  only  O.O32  In.  The  eccentricity  of  the  central  body  then,  would 
cause  a dlssymetry  In  the  flow  which  was  objectionable. 

In  operation,  the  nozzle  beharlor  was  as  follows:  When  the  fuel 

shut-off  TalTe  (7)  in  (Tig.  1)  was  opened,  liquid  alcohol,  which  fills 
the  tubes  from  the  starting  fuel  bypass(9)  to  the  nozzle,  was  sprayed 
out  In  a conical  sheet  with  an  included  angle  of  about  90**.  Most  of 
this  liquid  spray  would  fall  outside  of  the  ejeotor-jet  Intake.  How- 
erer,  when  raporized  alcohol  flowed  through  the  nozsle,  the  predicted 
Frandtl-Meyer  expansion  took  place,  and  the  waporlzed  methanol  followed 
the  contour  of  the  central  body  and  the  expansion  to  supersonic 
relocltles  took  ulaoe. 
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Su«  to  th«  difficulty  of  adjuatin^  the  central  body  under  the 
high  preaeurea  and  tenperaturea  inrolTed,  thia  type  of  nocxle  hae 
temporarily  been  ahelred.  (Further  Inreatlgation  of  the  controlled- 
free-expanalon  auperaonie  noiale  trill  be  conducted  In  connection  with 
a Maater'a  theaia  project.) 

In  order  to  permit  adjuatmant  of  the  central  body  under  high 
preaaure  and  temperature,  the  nocxle  ahown  in  Fig.  3 and  ^ waa  built. 
Sealing  la  Inaured  by  the  bulge  on  the  central  body  and  120°  conical 
aeat.  When  the  noxcle  la  cloaed  completely,  a 1/4  In,  wide  clronm*- 
farentlal  aeat  prorldea  contact  without  Blazing.  At  low  preeaurea 
some  leakage  occurs,  but  at  higher  pressures  the  alcohol  in  the  nozzle 
chamber  exerts  an  unbalanced  pressure  on  the  bulge  on  the  central  body 
and  causes  a high  seating  pressure  which  prerenta  leakage.  As  aoon 
as  the  nozzle  la  opened,  pressure  la  exerted  on  the  opposite  side  of 
the  bulge  as  well,  and  the  forces  on  the  central  body  are  nearly 
balanced*  It  Is  then  possible  to  rary  the  nozzle  opening  under  load. 

The  nozzle  Is  designed  so  that  eomplet*>  expansion  Is  obtained  at 
design  operating  pressure,  temperature,  and  rates  of  fuel  flow.  At 
all  other  uressures,  teameratures.  and  rates  of  fuel  flow,  the  nozzle 
expansion  la  Incomplete.  Free  expansion  to  ambient  pressure  then 
occurs. 

Initially  considerable  difficulty  waa  encountered  due  to  slezlng 
of  the  screw  threads  In  mating  parts.  This  has  largely  been  eliminated 
by  using  brass  Inserts  so  that  no  steel-steel  contact  exists  except  ^ 
at  the  Talre  seat.  As  a farther  ureoautlon,  dry  molybdenum-sul-rhids 
lubricant  is  used  as  a non-sieclng  compound  in  all  of'  the  threads. 
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Talv»8 

Beeaune  of  the  leatca^a  In  the  non-eeatln«  nofzle.  a fnel-«hat*off 
▼alve  wae  Installed  C (7)  In  Fig.  l3  . Sereral  dlfflcnltlee  were 
encountered  here.  The  original  walre  was  a needle  walTe  whore  the 
flow  wae  throttled  and  had  its  direction  changed  twice.  Carhon 
aceunulated  at  the  flow  constriction  axid  blocked  the  flow. 

A cylindrical  plug-type  valve  wae  then  hnllt,  and  the  carhon 
accunulatlon  was  solved,  hut  valve  seating  and  elezlng  was  then  a 
problem.  The  plug  valve  wae  then  modified  to  Incorporate  a 10® 
taper  on  the  plug  and  lubrication  wae  obtained  by  dipping  the  plug 
In  water  glass,  wiping  so  that  the  eurfaee  was  only  slightly  moist, 
and  then  coating  with  molybdenum  disulphide.  The  water  glass  (which 
softens  at  2000^7)  wae  used  as  a bonding  agent  to  prevent  the  washing 
off  of  the  molybdenum  disulphide.  This  valve  was  fairly  effective, 


but  the  valve  was  removed  from  the  unit  when  the  self-sealing  primary 
nozzle  was  developed  (see  above). 

Some  carbon  accumulation  has  been  noted  in  the  starting  fuel 
valve  C.(3)  In  Fig,  1 ^ , and  in  the  starting  fuel  nozzle  (10)  but  so 
tax  no  difficulties  have  been  encountered. 

The  Controller 


Originally  the  fuel  bypass  for  desuperheating  was  joined  at  the 
midpoint  of  the  vaporizing  coll.  Insufficient  control  was  obtained, 
so  the  bypass  was  Joined  to  the  entrance  of  the  superheater  coll. 

When  the  controller  was  turned  on  during  the  preliminary  heating 
of  the  fuel,  the  bypass  valve  may  start  to  open  at  a temperature  as 
low  as  800^7  If  the  heating  is  rapid.  By  the  time  the  fuel  shut-off 


valve  was  opened,  the  bypass  valve  was  wide  open.  Then  as  flow  through 
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th«  actuatlBi;  noxele  started,  the  flow  through  the  bypass  walwe  was 
such  that  the  methanol  cooled  down  before  the  primary  fnel  had  a 
chance  to  heat  it  up.  This  necessitated  leawing  the  controller  in 
the  off  position  until  the  primary  noszle  was  opened. 

With  the  self-sealing  primary  nozzle,  the  fuel  shut-off  Talre 
is  eliminated.  Then  as  the  fuel  temperature  reaches  flOO  to  1200®P, 
the  primary  nozzle  is  ouened  slightly  and  the  controller  cut  in.  The 
fuel  flow,  and  the  fuel  uressure  may  then  be  raried  independently  aiid 
the  controller  will  maintain  a constant  operating  temperature  within 
the  limits  of  the  effectireness  of  the  bypass  system.  These  limits 
haws  not  yet  been  determined. 

The  Tanorizer 

The  Taporizer  is  made  ftom  20  ft.  lengths  of  columbium-stabilized 
stainless  steel.  The  sections  of  tubing  are  welded  together  with  an 
atomic -hydrogen  torch.  The  welds  are  sound  and  free  from  slag 
inclusions  since  no  flux  is  used  in  the  welding  process.  T>ue  to  the 
high  welding  temperature  (6000-9000°F)  and  the  thin  wall  (l/l6  in.) 
of  the  tube  care  has  to  be  taken  to  prewent  boiling  of  the  metal  which 
results  in  pin  holes  in  the  weld.  One  such  pin  hole,  which  showed  up 
only  after  some  running  time,  sprayed  a small  Jet  of  alcohol  on  to 
one  of  the  Taporizer  colls  and  ewentually  caused  cracking,  probably 
due  to  the  local  quenching  action.  Carbon  pickup  which  occurs  in 
the  mild  steel  primary  nozzle  has  caused  no  difficulties  in  the  stain- 
less steel  Taporizer  tubes. 

To  make  the  flame  holder,  spark  plug,  starting  fuel  nozzle,  etc. 
readily  serTiceable,  stainlese  steel  Snseio  unions  hare  been  welded 
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into  a bulkhead.  The  aft  Taporlser  oolle  are  then  coupled  to  one 

Bide  of  the  bulkhead  and  the  fuel  Inlet,  bypass  fuel,  and  the  l^el 

\ , 

line  to  the  nostle  are  connected  to  the  forward  side  of  the  bulkhead. 

So  far  no  trouble  hare  been  encountered  v'lth  these  fittings  other 
than  Insufficient  tl/'htenin^  of  the  fitting  so  that  the  sleere  does 
not  "grooTs"  the  stainless  tube  properly. 

Since  the  waporlser  tubes  are  "tacked"  together  with  stainless 
steel  "arc"  rod,  there  is  no  seal  against  combustion  gasses  flowing 
through  the  interstices  between  sidjaeent  tubes.  In  order  to  seal 
these  interstices  and  also  insulate  against  heat  loss  from  the  wapor- 
iser,  a l/4-lnoh  insulating  layer  of  wermiculite  (expanded  mica) 
bonded  with  water  glass  was  baked  (200®T)  on  the  outside  of  the 
waporicer.  A metal  shell  cowers  this  insulation  and  extends  besrond 
the  downstream  end  of  the  waporiser.  The  thrust  nosxle  is  at  present  ^ 
an  insert  of  lumnite  cement  and  Tsrmioulite  formed  with  a wire  screen 
reinforcement.  Variation  of  the  thrust  nozele  throat  area  can  then 
be  obtained  by  breaking  out  the  old  nozzle  insert  and  replacing  it 
with  a new  insert  with  a different  throat  area. 

Insulation 

To  proTide  Insulation  of  the  su-rersonlo  and  subsonic  diffusers, 
a blanket  of  l/2>inch  glass  wool  h°-s  been  cemented  to  the  surface  with 
2000°  water  glass. 

When,  at  low  fuel  pressures,  flash  back  occurs,  burning  starts 
at  the  primary  nozzle  and  continues  through  both  the  subsonic  and 
supersonic  diffusers.  The  glass  wool  melts  under  these  conditions, 
so  Fiberfrax  ceramic  fiber  is  being  substituted. 
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Plash  back  nlso  sometimes  rasolts  In  meltin/;  off  some  of  the 
eilrer-soldered  prassnre  pickopa. 

The  hypaes-valire  actuating;  motor  has,  on  •coasion,  become  orer- 
heated  dne  to  "flash  baok"  and,  as  a result,  has  had  to  be  replaced. 

Ignition 

Ignition  has  been  a primary  eouree  of  difficulty.  The  necessity 
of  projecting  the  electrodes  into  the  region  where  combustible  air- 
fuel  mixtures  exist,  necessitates  either  remowal  of  the  suark  plug 
after  initiation  of  combustion  or  operation  in  a high-temperature  zone. 
Use  of  tungsten  electrodes  has  eliminated  the  melting  of  electrodes, 
but  the  shielding  neoessary  to  proride  a low  velocity  ignition  region 
is  still  causing  difficulty.  To  urevent  melting  here,  a ceBamic 
shield  is  now  being  tried. 

Rotameters 

The  rotameters  used  for  measuring  fuel  flow  were  surplus 
gasoline-measuring  instruments.  After  a period  of  operation  on 
alcohol,  blisters  appeared  on  the  "floats"  which  were  some  tyne  of 
eynthetlo  material.  After  a considerable  period  of  exposure  the 
"floats"  disintegrated,  so  they  were  replaced  by  aluminum  "floats" 

SAd  recalibrated. 

Due  to  the  leakage  of  alcohol  into  the  p\uip-lubrication  system, 
the  flow  shown  by  the  rotameters  is  fallacious,  so  another  flow 
measurement  system  will  have  to  be  tried. 

Tarious  types  of  flame  holders  have  been  tried.  All  of  them 
are  effective  in  holding  the  flame,  but,  when  flash  baok  oeenrs. 
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th07  melt  out.  A flame  holder  made  of  tungsten  eleetrodee  le  now 
being  tried.  Under  etartlng  eondltlone  "torching"  ooeure  and  the 
flame  le  orange,  but  when  the  primary  noiele  la  open,  the  flame  la 
blue  and  la  risible  for  only  six  Inches  beyond  the  thrust  nossle. 
Pictures  of  the  teat  setup  are  shown  In  Tig.  5-10. 
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